Introduction
Bow hunter's syndrome (BHS) or positional vertebrobasilar insufficiency is an unusual entity, first described by Sorensen in 1978. 1 Patients typically present with dysarthria, visual disturbances, vertigo, or motorsensory symptoms associated with reversible vertebral artery flow interruption during head turning. More extreme cases of permanent ischemic damage to the vertebrobasilar distribution have also been documented. 2 In the majority of cases, impingement of the vertebral artery occurs along the V2 segment as it crosses the cervical transverse foramina but any segment may be involved. 3 Two-dimensional (2D) digital subtraction angiography (DSA) is the established imaging technique for visualizing blood vessels by first creating a 2D projection mask of the original area of interest which is subsequently subtracted from the image after iodinated contrast agent injection. DSA has been the traditional diagnostic standard for positional vertebrobasilar insufficiency and other neurovascular diseases due to its ability to identify small variations and anomalies in the vasculature. However, it is still limited to only the lumen of the vessel and can lead to underestimation of stenotic lesions. Recent flat panel detector-based angiography suites provide the ability to acquire soft tissue computed tomography (CT)-like images during the procedure. This C-arm cone-beam CT (syngo DynaCT; Siemens Healthcare, USA) imaging technique has been shown to provide additional value in the evaluation of complex vascular lesions and its three-dimensional (3D) relationship to bony and soft tissue structures. 4, 5 In addition, C-arm CT imaging could be performed in the angiography suite with the patient in the exact head rotation position that causes or exacerbates symptoms. We present here a case of bilateral BHS evaluated using both 2D DSA and DynaCT imaging techniques.
Clinical case
A 71-year-old man with a history of hypertension and atrial fibrillation presented with chronic vertigo, occipital headaches, extremity tremors, and irregular respiration. Symptoms were worse with head movement and were alleviated with rest. As part of the work-up, he underwent selective cerebral angiograms that showed significant left (Figure 1 (a) and (b)) vertebral artery stenosis at the C4-C5 level with the head rotated to the left side. Relatively moderate right vertebral artery stenosis (Figure 1 (c) and (d)) was demonstrated at C4-C5 with the head rotated to the right.
Technique C-arm cone-beam CT (syngo DynaCT) imaging was performed in our angiography suite equipped with a biplane flat panel X-ray angiography system (Artis zee biplane, VC21; Siemens). Cone-beam CT projection images were acquired using a 20 second DynaCT protocol with a 200 degree rotation of the C-arm around the patient after 1.5 cc/seconds of 20% diluted iodinated contrast (Omnipaque 300 mgI/mL) injection with a 2 second X-ray delay. 2D projection images were reconstructed as a 3D volumetric dataset using a dedicated workstation (syngo X-workplace, VB21; Siemens) and visualized as either multi-planar reconstructions or 3D volume rendered images. To evaluate right vertebral artery stenosis, cone-beam CT images were acquired with the patient's head rotated to the left, and vice versa. 
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Findings
Intra-procedural 3D cone-beam CT imaging after head rotation confirmed the high-grade left vertebral artery stenosis ( Figure 2 ) as well as significant right vertebral artery stenosis most notably on the axial and 3D reconstruction ( Figure 3 ). The patient tolerated the procedure well and eventually underwent operative decompression with anterior C4-C6 fusion. He had an uncomplicated postoperative course and was discharged home shortly thereafter in a stable condition with a cervical collar. He remains asymptomatic at 1 year follow-up.
Discussion
Many different etiologies for vertebrobasiliar insufficiency have been described in the literature including extrinsic compression, 5 congenital stenosis, 6 and atherosclerosis. 7 A recent literary review by Jost and Daily, 3 however, found dynamic obstruction of the V2 segment to be the most common culprit. In these cases, stretching or compression of the vertebral artery in the transverse foramen is thought to be responsible for the neurological symptoms and is most frequently treated with decompression and cervical fusion as in this patient. Only 17 cases of bilateral positional vertebrobasilar insufficiency have been reported in the literature, [8] [9] [10] [11] [12] [13] [14] [15] and its diagnosis has evolved over the years from basic angiography to DSA, which remains the gold standard at present (Table 1) . DSA is, however, inherently limited by its 2D nature and is further handicapped by its exclusion of all non-vascular structures. These insufficiencies have led to the exploration of other potential modalities such as transcranial Doppler 12 and magnetic resonance imaging, 16 which may be able to complement intra-procedural DSA findings.
Cone-beam CT with multi-planar and 3D reconstruction is a relatively novel imaging option available in many angiography suites now that is able simultaneously to image the vasculature and its surrounding bony anatomy in high detail making it a potentially instrumental tool for the proper diagnosis and therapeutic planning of complex neurovascular disorders. In the case of this patient with positional vertebrobasilar insufficiency, DSA and cone-beam CT were both able Interventional Neuroradiology 23 (1) to capture the left vertebral artery stenosis with head rotation, but cone-beam CT more clearly shows the right vertebral artery stenosis with surrounding narrow foramen compared to DSA. Superior spatial resolution increases the specificity of cone-beam CT imaging allowing it to diagnose less obvious pathologies that may be overlooked by the traditional 2D DSA projection image. The non-invasive nature of cone-beam CT poses an additional advantage as hemorrhage, thromboembolism, device malfunctions, and vascular injury are all potential problems with cerebral angiography. [17] [18] [19] Patients are particularly prone to neurological complications with endovascular manipulation of the arch vessels, which can significantly affect their quality of life. 20, 21 Other imaging modalities, such as dynamic magnetic resonance imaging and duplex ultrasonography, have also been explored to diagnose positional pathologies in the cervical spine, but they do not offer an opportunity for immediate intervention. [22] [23] [24] Endovascular therapies, in contrast, are readily available in the angiography suite where cone-beam CT is most often performed.
Conclusion
Intra-procedural cone-beam CT is a potentially useful adjunct in the angiography suite to image vascular and perivascular structures in detail that could aid in the diagnosis and planning of positional vertebrobasilar insufficiency and other complex neurovascular pathologies.
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